INTRODUCTION

Sonic Circle
The locus of those points in the hodograph plane where the gas velocity is equal to the local sound velocity. This locus is a circle.
Hnch Number
A dimensionless parameter equal to the ratio of Ras velocity to local sound velocity.
In supersonic flow the Mach number is always greater than one. On the sonic circle the Mach number is one.
Mach An die
The angle whose sine is the reciprocal of the Mach number. This angle is real for supersonic flows only.
Character!stics
A network of lines which is derived from the equations of motion and is used to 
Rotattonality and Vorticity
These quantities refer to the angular momentum present locally in a flow without sintiulari t ies. The vorticity is proportional to the local angular momentum; when the vorticity is zero in a region, the flow throughout the region is said to be irrotational. Boundary layer effects are to be excluded. This assumption is usually made in calculations like these, and indeed it is necessary to do so; but this question will be treated more fully in the body of the report.
Shock Bottle
Sufficient accuracy is obtained when the flow is determined via the method of characteristics for the corresponding two-dimensional case. This is standard procedure in computing axially symmetric flows. There are points where the correction is likely to be considerable; but in view of the various other approximations it is doubtful that the computations necessary to make this correction are justified at this time.
The two-dimensional approximation will be treated more fully in the body of the report.
PROCEDURE
A two-dimensional, wedge shaped nozzle, whose expansion ratio is |27l, and whose half-angle of divergence is 7°, is chosen. The chamber pressure is taken as 5400 psi.
Tlie chamber temperature is taken as 2400° K. Atmospheric pressure is taken as 14.7 psi, y = ratio of specific heats = 1.4.
The method of characteristics is used to map the corresponding two-dimensional flow field. The characceristics method is adequately described in standard texts and is reported more fully in Appendix A. Only a general description of the method will l>e given here. 
Flow in the Nozzle
FJow in the nozzle is almost identical with that predicted by hydraulic theory.
This will not be the case in general for nozzles of much higher angles of divergence.
The most striking feature of the flow immediately beyond the exit section is the sharp turn, through 57° (Figure 1 ), made by the boundary streamline in order to form a free surface at a pressure of 14.7 psi. From this point to the region of influence of the principal Mach disk the boundary curves back towards the axis.
Formation of the Shock Bottle
Rarefaction waves from the exit section are reflected from the boundary, and return to the main st cam as compression waves which form an envelope called the inter- The inclination of the shock to the stream direction is almost constant at 24°.
The rotationality introduced in the downstream flow depends on the entropy gradient there.
The entropy gradient will be high, since the variation in Mach numbers upstream of the shock is from 6 to 10, roughly.
Pressures in Front of the Shock Bottle
Static pressure ilong the axis is easily plotted and the results are given in It is reasonable to assume that the lx>undary layer transition will occur, if at all, between the lips of the nozzle and the point where the boundary becomes horizontal. The first point is the start of mixing with the surrounding atmosphere, the second the only other point distinguishable on physical grounds from any other point on the boundary. In other words, the assumption is made that the transition occurs in the first half of the main jet structure. This assumption is justified by Schlieren photographs of jets available from a number of sources.
For the purposes of this analysis, the point of intersection of the characteristic from the horizontal part of the boundary with the intercepting shock was chosen as the location of the normal shock. This represents the maximum distance away from the nozzle of the Mach disk. This distance is of the order of 140 exit diameters. There are many indications that this is two or three times too large, indicating a transition point somewhat closer to the nozzle. Such an error is causec! not only by improper location of the critical characteristic line, but also by neglect of any shocks or similar details on the axis caused by nozzle details. Otherwise, errors of this magnitude are not expected.
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